F-18 fluorodeoxyglucose (FDG) positron emission tomography (PET) is useful for distinguishing between malignant and benign tumors, determining the staging of malignant disease, detecting recurrence, and evaluating the response of malignant disease to chemotherapy and radiotherapy. FDG-PET has also been reported to be useful for soft tissue tumor evaluation (1-8) ; however, the numbers of reports are fewer than those for other diseases and almost all of the reports only describe sarcomas. This situation arises because soft tissue tumors are rarer than other malignant tumors, and are almost always imaged for the purpose of finding metastases and determining the staging, rather than for distinguishing between malignant and benign lesions, since it is easy to perform biopsies of these relatively more superficial soft tissue tumors. Abstract : Objective : To evaluate the correlations between F-18 FDG uptake imaged with PET/CT and pathological findings in soft tissue lesions. Methods : Fifty-four soft tissue lesions in 47 patients were evaluated. The correlations between the degree of FDG uptake, pathological type and grade, and MRI signal intensity and/or enhancement pattern were evaluated. Tumor FDG uptake was quantified by the maximum standardized uptake value (SUVmax). Results : Thirty-one lesions were malignant and twenty-three lesions were benign. The difference between SUVmax in the malignant and benign groups was statistically significant (p 0.001). Malignant myxoid lesions and well differentiated liposarcoma showed low FDG uptake. Benign neurogenic lesions showed low FDG uptake while malignant neurogenic tumors showed high FDG uptake, and the difference between SUVmax in the benign and malignant lesions was statistically significant (p 0.001). In a neurofibromatosis type-1 patient who had multiple neurogenic tumors, FDG-PET/CT could distinguish malignant peripheral nerve sheath tumors from other benign lesions with similar MRI findings. Conclusions : FDG-PET/CT is useful for differentiating malignant from benign soft tissue lesions, but malignant soft tissue lesions may show various patterns on FDG-PET, and MRI may be helpful for a differential diagnosis. J. Med. Invest. 60 : 184-190, August, 2013
INTRODUCTION
correlations between FDG-PET/computed tomography (PET/CT) and pathological findings in soft tissue lesions. And we also evaluated findings on MRI.
METHODS

Patients
Between May 2006 and October 2011, 47 patients (25 men and 22 women ; mean age, 52.1 years ; age range, 15-88 years) with 54 soft tissue lesions were enrolled. All patients underwent MRI and FDG PET/CT before biopsy and/or surgery, and this study enrolled the lesions that were suspected to be soft tissue tumors based on these examinations. Therefore this study included both the WHO defined soft tissue tumors and the tumors and tumorlike lesions that the WHO classification dose not define as soft tissue tumor, such as lymphoma, metastasis, granulomatous lesion and hematoma.
FDG-PET/CT
All patients fasted for at least 6 hours prior to PET/CT imaging. The patients were confirmed to have a blood glucose level of !150 mg/dl and then were intravenously injected with 3.7 MBq/kg of FDG. At 1 h after the FDG injection, the patients were examined using a PET/CT scanner (Aquiduo ; Toshiba Medical Systems Corporation, Tochigi, Japan). Image acquisition was performed from the top of the head to the middle of the thigh. Attenuation -corrected PET images, non-attenuation -corrected PET images, and CT images were reviewed, and the attenuation-corrected PET and CT images were coregistered using commercial software (Aquarius NET Viewer ; TeraRecon Inc., San Mateo, CA, USA). FDG uptake in the tumor was quantified by calculating the maximum standardized uptake value (SUVmax).
MRI
MRI was performed using a 1.5T scanner (Signa Excite HD ; GE Healthcare, Buckinghamshire, UK). Depending upon the location of the tumor, imaging was performed using an 8-channel cardiac coil, a single-or double-channel GP flex coil, or a single -channel knee coil. All patients underwent T1weighted (T1W), T2-weighted (T2W), and contrastenhanced T1-weighted (Gd-T1W) imaging with or without fat saturation. For Gd-T1W imaging, a standard dose (0.1 mmol/kg) of gadopentetate dimeglumine contrast agent was used. The acquisition parameters such as TR/TE, matrix size, and FOV were different for each case depending on the site of the tumor.
The correlations between the degree of FDG uptake, pathological type and grade, and MRI signal intensity and/or enhancement pattern were evaluated.
Statistical Analysis
The statistical significance of differences in SUVmax, age, blood glucose level, weight, and size between malignant and benign lesions was examined using Fisher's exact test, and p values less than 0.05 were considered to be statistically significant. The optimum cutoff value of SUVmax for the differentiation of malignancy was defined as the point on the ROC curve with the minimum distance from the 100% true-positive and 0% false-positive rate. The sensitivity, specificity, and diagnostic accuracy of FDG-PET/CT were calculated using the cutoff SUVmax value and the final diagnosis.
RESULTS
Among the 54 tumors, 31 were malignant and 23 were benign ( Table 1 ). The SUVmax values in the malignant tumors had a range of 0.6-14.0 (mean : 5.9), while those in the benign lesions had a range of 1.2-6.2 (mean : 3.5). The difference between the SUVmax values in the malignant and benign groups was statistically significant (p!0.001) (Figs. 1). The SUVmax had 64.5% sensitivity, 82.6% specificity, and 73.5% accuracy with a cutoff value of 4.5. Parameters such as age, blood glucose level, weight, and size did not differ significantly between the malignant and benign groups ( Table 2) .
The malignant tumors showing low accumulation for SUVmax ! 6.2, which was the highest SUVmax on benign lesions, included 8 myxoid tumors, 3 well differentiated liposarcoma, 2 malignant peripheral nerve sheath tumor (MPNST), 1 synovical sarcoma and 1 metastasis of thymic squamous cell carcinoma. We investigated myxoid tumors and well differentiated liposarcoma which there were some number of cases and all cases showed low accumulation. Malignant myxoid soft tissue tumors comprised 8 lesions and showed an SUVmax range of 2-4.7 (mean : 3.1), and 3 well differentiated liposarcoma showed an SUVmax range of 0.6-3.2 (mean : 2.1). The other malignant tumors showed an SUVmax range of 3-14 (mean : 7.5). The difference between the SUVmax in well differentiated liposarcoma and the other malignant tumors (p!0.001), myxoid tumors and the other malignant tumors (p!0.001), the benign lesions and the other malignant tumors (p!0.001) were statistically significant. Despite confirmation of malignancy by pathology, these tumors tended to show low FDG uptake compared with the other malignant soft tissue tumors ( Fig. 2-4 ).
Twenty-two lesions were classified as neurogenic tumors. Ten of these lesions were MPNSTs. The remaining 12 lesions were benign : schwannoma (n= 10) and neurofibroma (n=2). The SUVmax values of the benign neurogenic tumors had a range of 1.3-6 (mean : 3.2), while those of the malignant neurogenic tumors had a range of 4.5-9.7 (mean : 7.0). In the neurogenic tumors, the SUVmax values in the malignant and benign groups also differed significantly ( Fig. 5 ). The SUVmax value had 90.0% sensitivity, 91.7% specificity, and 98.3% accuracy with a cutoff value of 4.8. Some MPNSTs showed findings of suspected malignancy such as heterogeneous intensity, bleeding, and necrosis on MRI. However, especially in neurofibromatosis type 1 (NF-1) patients, it was difficult to identify any MPNSTs because they did not show findings of suspected malignancy on MRI, and there were numerous tumors in the whole body ( Fig. 6A, 6B ). 
DISCUSSION
The malignant soft tissue tumors tended to show high FDG accumulation, similar to other malignant diseases. Significant correlations were not seen between FDG accumulation and age, blood glucose level, weight, injection of FDG quantity, or tumor size.
However, the range of accumulation in malignant tumors was distributed widely, accumulation overlapped in many malignant tumors and benign lesions and there were some tumors showing false-negative findings. It was often difficult to distinguish between malignant tumors and benign lesions only by using FDG-PET.
There are some reports that accumulation in soft tissue tumors is dependent on malignancy (3, 7, 9, 10) . Primary or secondary myxoid tumors often show low accumulation on FDG-PET, such that MRI becomes useful for diagnosis (11) (12) (13) (14) (15) . Tateishi et al. (7) reported that tumors with a high MIB-1 index tended to have higher accumulation of FDG. They classified the tumors into three groups based on the degrees of the MIB-1 index, low (0-9), middle (10-29), and high (!30), and reported SUVmax values of 2.6 !1.6 in the low group, 5.2 !3.2 in the middle group, and 11.1 !5.0 in the high group. However, in our study, this did not necessarily apply for myxoid tumors. The MIB-1 indices of 16 malignant lesions and four benign lesions were measured. There were four myxoid tumors measured for the MIB-1 index, and three of the four tumors had an MIB-1 index of !30 but showed low accumulation (SUVmax : 3.4 ! 0.6). Other malignant tumors with an MIB-1 index of !30 showed high accumulation (SUVmax : 7.0 ! 1.6). It is believed that the reason why the malignant myxoid tumors showed low accumulation is that the tumors almost completely occupied myxoid lesions and the solid malignant part was relatively small. It was difficult to distinguish between malignant tumors and benign lesions by FDG accumulation alone. However, we were able to estimate which tumors were malignant by considering the clinical and MRI findings. The finding of high intensity on T2WI and the presence of contrast enhancement was highly suggestive of malignant myxoid tumors.
Well differentiated liposarcoma showed low FDG accumulation as well. It may be that the solid malignant part of the tumor was relatively small and this type of tumor is of low malignancy. It is easy to detect liposarcoma by CT and MRI because these tumors have a large fatty component ; however, it remains difficult to distinguish between liposarcoma and lipoma.
In these circumstances, when the soft tissue tumors show low FDG accumulation, it is important to determine whether a tumor has fatty or myxoid components by CT and MRI. If it is established that the tumor has these components, it raises the possibility that the tumor is malignant even if it displays low FDG accumulation.
There are some reports that evaluation of FDG accumulation is useful for distinguishing between malignant and benign neurogenic tumors. Although the cutoff values of SUVmax vary among such reports, many papers reported SUVmax values of 3-4 (10, (16) (17) (18) (19) . In our study, malignant neurogenic tumors showed high FDG uptake and benign tumors showed low FDG uptake, and the SUVmax had 90.0% sensitivity, 91.7% specificity, and 98.3% accuracy with a cutoff value of 4.8. One benign lesion showed high accumulation (SUVmax : 6). There are many reports regarding the utility and limits of FDG-PET for neurogenic tumors. It is known that benign neurogenic tumors often show high FDG accumulation based on the cell density (10, 16, 17, 20, 21) .
NF-1 patients have multiple neurogenic tumors throughout the whole body, and a 10% lifetime risk of MPNST development (6) . Whole-body MRI is not practical for routine clinical examination except whole-body diffusion weighted MR image. But, malignant lesions, especially low-grade MPNSTs, are clinically slow-growing and frequently have an equivocal appearance to many other neurofibroma tumors on CT and MRI including DWI. Targeted needle core biopsies are often not technically feasible or are falsely negative because of the typically heterogeneous nature of these tumors, which frequently exhibit large areas of necrosis (10, 20) . It is possible that this type of lesion can only be detected by FDG-PET/CT. These findings on PET were especially useful in the case of an NF-1 patient who had multiple neurogenic tumors compared with the MRI findings. FDG-PET was able to scan the whole body and find low-grade tumors, and is a noninvasive examination. In addition, Warbey et al. (22) reported that delayed imaging achieves greater sensitivity.
There are two limitations of our study. First, the frequency of this disease is low, thus there were few cases of each disease to evaluate. Second, when a patient was strongly suspected of having a benign lesion on imaging, they did not undergo biopsy or surgery. Consequently, they were not enrolled in the study, so the true number of benign lesions showing low FDG accumulation could be underestimated.
CONCLUSIONS
FDG-PET/CT is useful for differentiating between malignant and benign soft tissue lesions. However, malignant soft tissue tumors may show various uptake patterns in FDG-PET. Malignant myxoid soft tissue tumors and well differentiated liposarcoma in particular tended to show low FDG uptake, and these tumors were seen more frequently than other malignancies. If a soft tissue lesion shows low accumulation of FDG, CT and MRI should be examined before diagnosing the tumor as benign.
